INTRODUCTION
The importance of understanding space weather is increasing for two reasons: firstly, the way solar activity affects life on Earth, and secondly, because we rely more and more on communications and power systems, both of which are vulnerable to space weather. Because of technological advances there are many solar images in different wavelengths produced everyday by different observatories (i.e. BBSO, Meudon, Mt Wilson, etc.) and satellites (e.g. SOHO,STEREO, etc.) but it is almost impossible for researchers to investigate all these images and compare them against each other to get an idea of the real "full picture" of the Sun. There is a need for automated data analysis and knowledge extraction techniques.
These automated systems can analyze solar images and extract features that would be used to create corresponding 3D models. These 3D models can provide physical and visual descriptions for the features of interest, which will be more complete than the text-based descriptions and could require less storage than 2D image segmentation for the features of interest. Such a system would improve interpretation of solar images, since it would enable advanced 3D processing and manipulation to be applied to the modeled solar features.
Previous models for magnetic field lines are provided in [1] and also a detailed study of solar magnetic field in three dimensions can be found in [2] . Previous studies focused on modeling magnetic field lines on local areas like active regions. Up to our knowledge this is first study to model magnetic field lines using all the visible solar disk information.
In this paper we present an automated system that extracts magnetic footprints of magnetic field lines from MDI magnetogram images and then builds simple 3D models of magnetic field lines using the extracted data. Magnetic field lines provide visual description for the magnetic field. When drawn, the distance between them is an indication of the strength of the field and the closer they are, the stronger the field. Having 3D models for visualizing the magnetic field lines, similar to the one introduced in this paper, can provide better understanding of the magnetic field of the Sun, and as a result, improve our understanding of solar activities. This paper is organized as follows: MDI magnetogram images are described in Sec. II. The methodology for creating 3d models of magnetic field lines are given in Sec. III, while the results and the concluding remarks are given in Sec. IV.
II. DATA
In this research SOHO/ MDI magnetogram images (Fig.1) are used for detecting footprints of field lines. MDI magnetogram images are taken in order to measure the magnetic field strengths on the Sun's photosphere and show the magnetic fields of the solar photosphere, with black and white areas indicating opposite magnetic polarities. The dark areas are regions of "south" magnetic polarity (moving toward the Sun) and the white regions have "north" magnetic polarity (moving outward). 
III. METHODOLOGY
Several stages are involved in 3D modeling of magnetic field lines, such as: detection of footprints of magnetic field lines, calculating 3D coordinates of these footprints, finding the related magnetic footprints according to their polarities, and building a 3D magnetic field line between the determined opposite polarity footprints. All these stages are described below.
A. Detection of Magnetic Footprints
Magnetogram images show the footprints of magnetic field lines and in order to model magnetic field lines in 3D, first we have to detect the footprints of magnetic field lines from the 2D MDI magnetogram images.
Detection of magnetic field footprints from magnetogram images is carried out using intensity filtering method, in a manner similar to [3] .
The intensity filtering threshold value (T f ) is found automatically using (1), where, µ is the mean,  represents the standard deviation, and  is a constant that is determined empirically based on the type of the features to be detected and images.
Two threshold values have to be determined to detect magnetic field line footprints in magnetogram images. The first threshold is used for detecting footprints with "north" magnetic polarity and the second is used for detecting footprints with "south" magnetic polarity. The value of the first threshold is determined using (1) with a plus (+) sign and  equals two. All pixels that have intensity values larger than this threshold are marked as magnetic field footprints with "north" polarity. In the same manner, the second threshold is determined using (1) with the minus (-) sign and  equals two. Any pixel with an intensity value less than this threshold is marked as magnetic field footprints with "south" polarity [3] . Figure 2 shows the detected "south" and "north" magnetic polarities. Figure 2 . A is the detected south magnetic polarity footprints; B is the detected north magnetic polarity footprints, and C is the combination of both
B. Calculating 3D Coordinates
In order to convert the coordinates of magnetic footprints polarities from 2D to 3D, first we need to calculate their Heliographic coordinates. This is a spherical coordinate system that shows the spherical "surfaces" of the solar photosphere and it expresses the latitude (B) and longitude (L) of a feature or region on the solar surface. Heliographic coordinates of the footprints are calculated by using the equations described in [4] .
Also, for calculating the location of a specific feature on the Sun, heliographic coordinates of the centre of the solar disk (Bo, Lo) and the position angle (P), had to be calculated. This data is available in FITs formatted solar images but for gif images they have to be calculated. In this work low accuracy equations from [5] are used for these calculations. When an accuracy of 0.01 degree is sufficient, the geocentric position of the Sun may be calculated by assuming a purely elliptical motion of the Earth; that is, the perturbations by the Moon and planets may be neglected [5] . Higher accuracy calculations can be achieved by using VSOP87 (Variations Seculaires des Orbites Planetires, 1987) theory [6] .
After the heliographic coordinates of the desired features are calculated, these coordinates can be used to calculate the 3D Cartesian coordinates of the same features, as shown in Figure 3 . By using (2) described below 3D Cartesian coordinates of the footprints can be calculated:
Where, θ is equal to -B, is equal to L and r is equal to the radius of the solar disk of the solar image. 
C. Finding Closest Magnetic Footprints
After calculating the 3D coordinates of the footprints, we created an algorithm to determine the north and south polarities that are related to each other. Magnetic field lines form closed loops between opposite polarities. These lines move outward from white regions on Magnetogram images to be connected with their corresponding dark regions. The magnetic field lines are connected by following the shortest available path. In our method, two connecting lines are not allowed to intersect, touch or cross each other. Our work is built on these fundamental hypotheses.
This routing algorithm based on sorting the opposite polarity footprints according to closest distance. Algorithm starts by region growing positive poles within a sphere by increasing the radius of the sphere in every turn. Once a region grew positive footprint intersects with a negative footprint, those footprints are marked as closest to each other and algorithm continues running while omitting the previously marked footprint pairs.
D. Building the 3D Model
After determining the related magnetic footprints we can model the magnetic field lines that are connecting them. In this study we used bipolar coordinates to model the magnetic field lines between selected opposite polarity magnetic footprints, as shown in Figure 4 .A. To calculate each segment of the magnetic field line loop, (3) is solved:
Where, " " represents half the distance between the two footprints, and is an angle that changes between 0.5 and π/2.
If we solve (3), we would have two equations like in (4) representing y coordinates for the given x coordinate:
Where x is changing between -R and +R. R is equal to the radius of the circle passing through the magnetic footprints and can be calculated by using (5) . (5) Equation (5) is derived by calculating the maximum and minimum values of y coordinates of the model (When x coordinate is equal to zero) and halving their differences. By using (4), we can model any field line between footprints in any number of segments we want while we change the number of x values between -R and +R. Calculating the model in segments also can allow us to change the shape of each line by changing the coordinates of each segment. By keeping the distance and changing the angle , the height of the loop can also be changed. In Figure 4 .B. four different simulated loops are shown. Each loop has 12 segments and all loops originated from the same nodes.
After each magnetic loop are modeled in this way in 3D while assuming the Z-coordinates are zero for all segments, then each model is fitted onto previously detected footprint pairs using 3D rotations and transformations. In Figure 5 modeled magnetic field lines for SOHO/MDI Magnetogram image taken on 01/12/1997 at 00:03 is provided. On this figure Image B is the rotated snapshot of Image A.
IV. RESULTS AND CONCLUSIONS
In this paper we provide a method for calculating the 3D coordinates of solar features on solar photosphere which can also be used to calculate the 3D coordinates of solar features on chromosphere and transition region if necessary depth information of features can be determined. Also we calculated 3D coordinates of magnetic field line footprints from MDI magnetogram images using this method and also provided a method for modeling magnetic field lines in 3D.
. The algorithms are created in C++ and are implemented on a PC with windows operating system. The whole system works with 1024 × 1024 images in GIF format. Based on the complexity of active regions, it takes between 10 -30 minutes to build 3D models of magnetic field lines for each image. Also an OPENGL based 3D visualization tool called 3DSOLARVIEW is created together with algorithms to visualize the solar features and models built.
Not all but some magnetic field lines are visible on EIT images. They are mostly visible towards the solar corona; therefore we randomly chose an EIT image where some magnetic field lines are visible on corona and built magnetic field lines in 3D with the algorithms provided in this paper using a Magnetogram image captured during this time. In Figure 6 , a comparison is shown between the modeled field lines and visible field lines. The 3D model is built using the SOHO/MDI Magnetogram image taken on 01/09/2005 at 04:51 and it is compared with SOHO/EIT 171 image taken on 01/09/2005 at 19:00. In this image other EIT images are provided for comparison. As it can be seen from the figure and the marked red squares, the 3D modeled loops and real loops highly coincide with each other, although they are not completely identical. Our 3D model allows us to see the shape and configuration of magnetic field in any way we want by eliminating the visibility handicaps (e.g. short seeing, limb effects …) caused by 2D images. It provides the user with the ability to visualize these loops from different directions and at different scales.
In the study most of the processing time is spent on finding closest magnetic footprints. We belive in future we can improve our modeling system to deliver near real time models of magnetic field lines by improving this footprint matching algorithm.
